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Abstract
Objective
This study was aimed at investigating if the lymph node aspirated wash-out liquid thyroglobulin level and thyroid imaging reporting
and data system (TI-RADS) nodule score can be the predictive factor for cervical lymph node metastasis in patients with papillary
thyroid carcinoma (PTC).
Methods
The study included 251 patients with surgically confirmed PTC. All the patients underwent preoperative thyroid and cervical
ultrasound examination using ACR TI-RADS classification, fine-needle aspiration biopsy (FNAB) for BRAF V600OE gene detection,
and thyroglobulin (T'g) detection in lymph node aspiration fluid. The results of these examinations and tests were statistically analyzed.
A binary logistic regression model was used to determine the predictive impact of Tg levels, gene mutation status, and TT-RADS
nodule score on lymph node metastasis.
Results

Among the enrolled patients, 219/251 (87.25%), had BRAF V600E gene mutations and 132/251 (52.59%) had cetvical lymph node
metastasis. The Tg level in the lymph node aspiration fluid of patients with metastasis was significantly higher than in those without
metastasis (324.94 = 192.52 ng/mlL vs 67.93 £ 136.62 ng/mL, P = 0.000), but there was no significant difference in serum Tg levels
between the two groups (27.08 + 71.60 ng/mL vs 20.73 £ 55.21 ng/mL, P = 0.276). The area under the ROC curve (AUC) for lymph
node aspiration fluid Tg was 0.858. Thyroglobulin level has a significant positive effect on lymph node metastasis, with a regression
coefficient of 0.003 and P = 0.000 < 0.001. BARF V600E mutation status and TI-RADS nodule score do not have a significant effect
on lymph node metastasis, with P-values greater than 0.05.

Conclusion

Thyroglobulin levels of lymph node aspiration fluid has a good predictive value for the diagnosis of cervical lymph node metastasis
in PT'C patients with larger nodules.
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Introduction most convenient and commonly used imaging technique to
evaluate lymph node metastases’, although its sensitivity and
specificity are low, at about 30% and 86.8%, respectively®.
Lymph node FNAC has high accuracy but low sensitivity, so
improving the diagnostic rate of lymph node metastasis in
PTC is of great clinical importance.

The identification rate of thyroid nodules has significantly
increased in recent years due to advances in high-frequency
ultrasound equipment and improved awareness among
health professionals’. Approximately 7%-15% of these
thyroid nodules are malignant’, with papillary thyroid
carcinoma (PTC) accounting for about 84%’. Generally, In previous studies, researchers have focused more on the
PTC has a good prognosis, but about 35% of the patients ~predictive value of BRAF V600E gene mutations for lymph
still develop cervical lymph node metastasis®. Fine-needle ~node metastasis, the size, location, extra thyroid extension
aspiration cytology (FNAC) is widely accepted by thyroid ~(ETE), and capsular invasion of the nodule for predicting
surgeons for cytopathological diagnosis of thyroid nodules ~ cervical lymph node metastasis™. However this study aimed
to assess benign and malignant nature. Studies have shown at finding out the value of combining Thyroglobulin levels
that the diagnostic concordance rate of FNAC for thyroid in lymph node wash out fluid with ultrasound features of
nodules can reach 90%?°, but the concordance rate for thyroid and lymph node nodules using ACR TI-RADS to
lymph node metastasis is quite low. Clinical ultrasound is the ~predict lymph node metastasis in patients with confirmed
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papillary thyroid carcinoma.

Methodology

Patient Selection

This study retrospectively collected and analyzed 1479
patients who underwent FNAC for thyroid nodules from
January 2019 to December 2021 at The First Affiliated
Hospital of Xi’an Jiaotong University. All these patients had
at least one or more thyroid nodules that were rated category
4 or 5 by the criteria of ACR TI-RADS and were advised to
undergo FNAC. This study eventually enrolled 251 patients
who underwent surgery and were pathologically diagnosed
with PTC. Those without surgical pathology or malignant
tumors other than PTC were excluded. All the enrolled
patients underwent thyroid nodules and lymph nodes.
FNAC, BRAF VO600E gene detection and thyroglobulin
(Tg) detection in lymph node aspiration wash-out fluid.
All patients’ thyroid nodule ultrasound examinations were
scored and categorized according to the American College
of Radiology Thyroid Imaging Reporting and Data System
(ACR TI-RADS). The Ethics Committee of Xi’an Jiaotong
University’s First Affiliated Hospital (X]TU-ZD10) granted
ethical permission for this study.

TI-RADS in Thyroid Nodule Processing

This study utilized ACR TI-RADS reporting system in
thyroid ultrasound assessment of the patients suspected
to have papillary thyroid carcinoma. ACR TI-RADS uses
ultrasonography features such as composition, echogenicity,
shape, margin and echogenic foci features of thyroid nodules
and assign values from 1 to 3 in each feature then add them
up to the thyroid nodules to get scores, and the obtained
scores are weighted to obtain the category of the nodules.
Based on the size and categories of the nodules, nodules
smaller than 10 mm in category 5 or 15 mm in category 4
are advised to do follow up visit, and nodules bigger than 10
mm in category 5 or 15 mm in category 4 are advised to do
fine needle aspiration biopsy (FINAB) according to the ACR
TI-RADS. All thyroid nodules and cervical lymph nodes
were scanned using Canon Aplio 1900 ultrasound diagnosing
system equipped with i118LX5 high-frequency linear probe.
The ultrasound examination method for cervical lymph
nodes was the same as that for thyroid nodules. When
one of the following sonographic features were detected:
1) liquefaction area in the lymph node; 2) calcification or
punctate foci appearance in the lymph node; 3) round shape
of the lymph node (longitudinal to transverse ratio < 1.5); 4)
abnormally rich color doppler blood flow in the lymph node,
metastasis was suspected and required FNAB.

Ultrasound-Guided Thyroid Nodule and Lymph
Node Fine-Needle Aspiration Biopsy

All patients in category 4 and 5 with nodule size greater than
or equal to 10 mm for category 5 and equal to or greater than
15 mm for category 4 were recommended for FNAB. Sample
collection followed the standard procedure practiced at The
First Affiliated Hospital of Xian Jiaotong University where a
23 G (0.6 mm) fine needle is inserted into the thyroid nodule
under ultrasound guidance, repeatedly punctured until a
small amount of tissue fluid appears in the junction of the
biopsy needle, then the biopsy needle is removed. A 5 mL
syringe filled with air is connected to the biopsy needle and
the aspired tissue fluid is quickly expelled onto a glass slide,
spread evenly with another glass slide, and then fixed in 95%
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ethanol. The residual tissue fluid inside the needle is washed
repeatedly with buffer solution and placed in a centrifuge
tube. The same method is used for lymph node fine-needle
aspiration biopsy, and after placing the puncture tissue fluid
on the glass slide, 5 pl. of puncture tissue fluid is taken
and placed in 50 pL. of buffer solution for thyroglobulin
determination, and the remaining tissue fluid on the glass
slide is used for pathological smearing.

Lymph Node Aspiration Fluid Tg Detection

The lymph node aspiration fluid Tg detection was performed
using a radioimmunoassay method. 200 pL. of lymph node
aspiration fluid and buffer solution in an Eppendort (EP)
tube were mixed evenly on a mixer, 100 pLL of the mixed
solution was added to the Tg-coated tube, then 400 pL. of the
label was added, mixed, and placed in an incubator for 16-20
hours. After washing with the wash solution twice, the coated
tube was allowed to dry, and the counting measurement was
performed using a gamma counter.

Cytopathological Analysis and BRAF V60OE Gene
Detection

After fixation with 95% ethanol, the puncture smears were
stained with HE, and the sediment in the centrifuge tube was
placed on a slide for Papanicolaou staining, A small amount
of tissue fluid from the bottom of the centrifuge tube was
used for polymerase chain reaction (PCR), and BRAF V600E
gene mutation detection was performed with a genetic test
kit.

Statistical Analysis

Statistical analysis was performed using SPSS version 20.0.
The comparison of diagnostic results of different methods
for lymph nodes was conducted using the chi-square test
or Mann-Whitney U test. Quantitative data were displayed
as mean * standard deviation (SD). The postoperative
pathological results of all patients were used as the gold
standard for diagnosis. The diagnostic efficacy between
lymph node FNA thyroglobulin (Tg-FNA) and BRAF
VO00E gene detection results was compared, calculating
the sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of both methods. Finally, the
receiver operating characteristic (ROC) curve was drawn
for both methods to determine the threshold for predicting
lymph node metastasis by lymph node FNA thyroglobulin.
A P-value of <0.05 was considered statistically significant.
Using lymph node wash-out thyroglobulin, BRAF V600E
mutation status, and thyroid nodule TI-RADS score as
independent variables, and lymph node metastasis as the
dependent variable, a binary logistic regression model was
established to analyze the predictive impact of globulin
levels, gene mutation status, and nodule TI-RADS score for
lymph node metastasis.

Results

All 251 enrolled patients underwent FNA of thyroid nodules
and cervical lymph nodes and BRAF V600E gene detection,
and thyroglobulin were measured in the aspirated lymph
nodes wash-out fluid. Serum thyroglobulin levels were also
measured in all patients before biopsy procedure. Out of the
251 enrolled patients, 198 were postoperatively pathologically
diagnosed with unilateral PTC and 53 with bilateral PTC.
In the BRAF VG600E gene detection, 219/251 (87.25%)
patients (58 males, 161 females) were detected with BRAF
V600E mutations, and 32 patients (5 males, 27 females) were
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Table 1. Demographic table of lymph node metastasis of PTC patients

Male(n = 63) Female(n = 188)
Total mutation 58 161 X2=1.751,P=0.186
N =251
non-mutation 5 27
LN metastasis mutation 38 77 X2=0.999, P =0.317
N =132
non-mutation 3 14
Table 2. Regression results of binary logistic regression model
Variable B Standard error | Wald Degrees of | Significance | Expe (B) | 95% Cl of Exp (B)
freedom
Upper limit | Lower limit
Wash-out fluid Tg | 0.003 0.001 25.924 1 0.000 1.003 1.002 1.005
BRAF V600E -0.183 0.397 0.212 1 0.645 0.833 0.382 1.815
mutation
TI-RADS 0.018 0.071 0.061 1 0.805 1.018 0.885 1.170
score
Constant -0.577 0.828 0.485 1 0.486 0.562
Dependent Variable: Lymph Node Metastasis
Table 3. Table for clinical characteristics
Metastic LN group Non-Metastic group P value
N 132 19 0.449
Nodule Size (mm) 11.48 £7.69 9.61+6.65 0.001
Tg-LN (ng/mL) 324.94 £192.52 67.93 + 136.62 0.000
Tg-BLD (ng/mL) 27.08 £ 71.60 20.73 £ 55.21 0.230
TI-RADS Score 10.29 £1.90 10.18 £ 2.03 0.674

Tg-LN = Thyroglobulin level in the lymph node aspiration fluid; Tg-BLD = Serum Thyroglobulin level;

numbers are displayed as mean + standard error

not detected with mutations. Similarly, 132/251 (52.59%)
patients (41 males, 91 females) were postoperatively
pathologically confirmed to have cervical lymph node
metastasis. Furthermore, 115/219 (52.51%) patients (38
males, 77 females) had lymph node metastasis and among
those without detected mutations, 17/32, (53.13%) patients
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(3 males, 14 females) had lymph node metastasis.

The Tg level in the lymph node aspiration fluid of patients
with metastasis was 324.94 + 192.52 ng/mlL (range 0-500
ng/mL), and the serum Tg level was 27.08 + 71.60 ng/mL.
The Tg level in the lymph node aspiration fluid of patients
without metastasis was 67.93 £ 136.62 ng/mL (range 0-500
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Figure 1. ROC curve of the lymph node aspiration wash-out fluid
Tg level

ng/mL), and the serum Tg level was 20.73 + 55.21 ng/
mL (range 0-500 ng/mL). There was a significant statistical
difference in lymph node aspiration fluid Tg levels between
the two groups, P = 0.000. The area under the ROC curve for
lymph node aspiration fluid Tg was 0.858, with a sensitivity
of 0.829 and a specificity of 0.804 when the cut-off value
was set at 62.99 ng/mlL. According to the ACR TI-RADS,
the thyroid nodule score for patients with metastasis was
10.29 £ 1.90, and for those without lymph node metastasis,
it was 10.18 & 2.03. The Mann-Whitney U test showed no
difference between the two groups (P = 0.674). The size of
the thyroid nodules in the group pathologically diagnosed
with PTC and lymph node metastasis was approximately
11.48 £ 7.69 mm, and in the group without metastasis was
about 9.61 £ 6.65 mm (p = 0.037). The Mann-Whitney U test
showed a statistically significant difference between the two
groups (P = 0.001). The sensitivity of FNA for the diagnosis
of PTClymph node metastasis was 63.86%, specificity 100%,
positive predictive value 100%, negative predictive value
69.65%, and diagnostic efficiency 80.13%. The sensitivity of
aspiration wash-out fluid Tg for the diagnosis of PTC lymph
node metastasis was 86.59%, specificity 69.93%, positive
predictive value 76.76%, negative predictive value 81.97%,
and diagnostic efficiency 78.83%.

The regression results showed that Wash-out thyroglobulin
level has a significant positive predictive effect on cervical
lymph node metastasis, with a regression coefficient of 0.003
and P = 0.000 < 0.001. BRAF V600E mutation and thyroid
nodule TI-RADS score did not have a significant effect on
lymph node metastasis, with P-values > 0.05.

Discussion

The predictive significance of lymph node aspiration wash-
out fluid thyroglobulin level, BRAF V600E gene mutation,
ACR TI-RADS score of thyroid nodule ultrasonography
features for cervical lymph node metastasis were examined
in this retrospective cross-sectional study.

A prospective study conducted in China which included 145
patients with papillary thyroid carcinoma found that BRAF
gene mutation has good predictive value for lymph node
metastasis’, but the sample size of the study was relatively
small. In a retrospective review analysis, the BRAF V600OE
gene mutation rate was about 74.6%, which is relatively
high’, and there was a significant difference between the
overall metastasis rate. A study conducted on PTC, up to
35% of patients had metastasis*, and in these patients, the
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ultrasound metastatic features of the lymph nodes were not
obvious. How to specifically and sensitively identify these
cervical metastatic lymph nodes before surgery has always
been a problem for endocrine and surgical doctors. In recent
years, fine-needle aspiration biopsy (FNAB)has become a
method for diagnosing the benign and malignant nature of
thyroid nodules'’, and combined with the Bethesda system,
it can stratify the pathological diagnosis of thyroid nodules',
with good diagnostic rate and repeatability. However, this
method has some shortcomings in the diagnosis of lymph
node metastasis.

In this study, we found that lymph node thyroglobulin has
better sensitivity and specificity than FNAC, but the diagnostic
efficiency between the two is comparable. Similarly, the Tg
level in metastatic lymph nodes was higher than in non-
metastatic lymph nodes, and there was a significant statistical
difference between the two, indicating that this method has
good diagnostic value and potential in diagnosing metastatic
lymph nodes, consistent with the results of published
studies”'?, but limited by the small sample size of these
studies. Despite the good value obtained from the previous
results, in this study, we found that the solitary ACR TI-
RADS score of thyroid nodules did not show a significant
difference in estimating lymph node metastasis. ACR TI-
RADS is a commonly used method for radiologists to assess
the stratified risk of thyroid nodules in recent years. This
method quantifies the ultrasound characteristics of thyroid
nodules, including echogenicity, composition, shape, margin,
and echogenic foci, and then adds the scores to obtain five
risk levels™. The higher the nodule score, the greater the risk
of malignancy of the nodule. This study attempted to use
this method to predict lymph node metastasis with the score
of thyroid nodules, but no statistical difference was obtained.
One of the main reasons could be that the malignant risk
range of TI-RADS category 5 nodules is broad and cannot
classify the risk into more detailed levels. Although there was
no difference in the TI-RADS scoring system of thyroid
nodules between metastatic and non-metastatic lymph
nodes, this study still showed that the size of thyroid nodules
in metastatic cervical lymph nodes was larger than that of
thyroid nodules without cervical lymph node metastasis.

There is still controversy over the overtreatment of low-
risk PTC, especially papillary thyroid microcarcinoma. Some
researchers believe that active surveillance (AS) is currently
the main approach', for example, an observational study
conducted in Japan found that the progression is very slow".
Assessing the lymph node metastasis of PTC in various ways
may have a significant impact on whether AS is chosen.

Limitations

This study still has many shortcomings. First, selection bias
is inevitable. In addition, our hospital is a referral hospital
and the probability of PTC patients having metastasis may
be higher than in other hospitals. Similatly, the number of
patients in this study is relatively small, and more samples
need to be added in the future.

Conclusion

Lymph node FNA for Thyroglobulin level evaluation has
good sensitivity and specificity for predicting lymph node
metastasis in patients with PTC, combined with ACR TI-
RADS classification in patients with larger thyroid nodules.
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